Observations on a new liver inclusion in the mouse
AA and t Department of Microbiology, Charing Cross Hospital Medical School, Fulham Palace Road, London, W68RF Summary A hitherto unrecognised lipoprotein liver-cell inclusion is described in elderly mice. The significance of these inclusions is unknown.
In an experiment to determine the effect of Treponema pallidum on the lifespan of mice (Wright & Wharton, ] 977) an inclusion which had not previously been described was detected in the liver. 30 were inoculated intra peritoneally with a formalinkilled suspension, JO with only the suspending medium, and 20 uninoculated mice were held over for the period of the experiment.
From the infected group JO mice were sacrificed at intervals of 6 months, while 10 mice inoculated with dead spirochaetes were killed at 30, 36 and 42 months following the commencement of the experiment. Organs of all these mice were submitted to microscopical examination. Table 1 . Tests performed on the liver inclusions.
Presence or Conclusion absence

Materials and methods
Animals
All mice used in this study were inbred CBA mice fed on an antibiotic-free diet and water ad libitum. 70 mice of 6 weeks of age were infected with the suspension adjusted to contain 10 7 live T. pa/lidum (Nichols strain) by the intraperitoneal route (Wright & Wharton, 1977) . was homogenized in ground glass homogenisers with an equal volume of phosphate saline, of which 0·5 ml was then inoculated intraperitoneally into each of the 8 mice. A similar number of mice were inoculated with a homogenate of normal liver. The plasma of these mice
Rhodamine (on imprints) Gordon
Microscopy
Mouse liver, lungs, heart, spleen, kidney and inguinal (but not abdominal) lymph nodes were submitted for microscopical examination. They were fixed in neutral buffered formalin and half were reserved for electron microscopy studies. Sections from the remainder were stained routinely with Ehrlich's haematoxylin and eosin, and by a silver impregnation technique-a modification of the Warthin & Starry stain (Young, J969) . Sections from livers in which inclusions were found were then examined by a variety of further stains (Table I ). In addition, imprints were taken from fresh liver and stained by rhodamine and Fontana silver stain for the presence of inclusions.
The same liver tissues were also snap-frozen in liquid nitrogen. Cryostat sections were cut and examined in ultraviolet light for the presence of lipofuscin. Indirect immunofluorescent staining was performed with a pooled anti-To pal/idum mouse sera with a titre of > ] 250, antinuclear factor serum of NZB mice, and normal mouse sera. The sera were used undiluted and at saline dilutions of 1/10 and ]/50. The conjugate employed in the test was rabbit anti-mouse mixed globulin (Hyland Division, Travenol Laboratories Inc., Costa Mesa, California 92626, U.S.A.) at a dilution of 1/12. The technique described by I. M. Roitt & D. Doniach (WHO, ]969) was followed. To ensure that electron microscopy would be undertaken in the areas of the liver in which the cell inclusions were found, a necessary preliminary was to cut thin frozen sections from the half of the fixed liver tissue set aside for electron microscopy. The first of these sections was stained to show the relevant area and then small pieces of the area were cut out of serial sections and post-fixed in I % osmic acid were examined at 6-monthly intervals for fluorescent treponemal antibodies. The method followed for venesection and antibody testing was that described by Wright, Gaugas & Rees (1974) . 2 mice were killed at 30, 36 and 42 months and the livers examined for the presence of inclusions.
Results
Intracytoplasmic liver cell inclusions were found at a mean age of 34,7 months in mice infected with T. pal/idum-in 2 out of 10 at 30 months and in all by 36 months. Mice inoculated with a suspension of killed T. pal/idum developed liver cell inclusions at a mean age of 41·3 months-in lout of 10 at 36 months, 9 out of 10 at 41·9 months, and in all livers subsequently examined. Liver cell inclusions were also found in all uninoculated mice over 41 months. Infected mice developed liver cell inclusions significantly earlier (P> 0,0 I, logrank "1,,2 test) than uninoculated mice or mice injected with killed T. pal/idum. All mice in which liver cell inclusions were found disclosed no macroscopic abnormality.
These inclusions were not identified in the cells of kidney, spleen, heart, lung or inguinal lymph nodes.
Livers in which inclusions were found showed an otherwise normal histological architecture.
The inclusions were detected in sections stained by silver impregnation (Fig. 1) but not with the conventional haematoxylin and eosin method. The inclusions were of variable diameter (0,2-8,0 11m), the largest almost replacing the entire contents of the hepatocyte. More than one inclusion was frequently found in the same liver cell (Figs 1 and  2) . The results of different staining procedures are summarised in Table I . When stained with phloxinetartrazine and phosphotungstic acid-haematoxylin, the inclusions appeared homogeneous and suggested a protein nature for the stained material.
The ability to stain the protein in the inclusion with Gram, Giemsa or trichrome stain suggests a possible bacterial origin of the inclusion.
A specific spirochaetal cause is virtually excluded, as identical inclusions eventually appear with the same frequency in normal mice. The inclusions did not react with specific anti-treponemal sera in the indirect immunofluorescent tests, neither did mice inoculated with inclusions containing liver homogenates develop positive treponemal antibody reactions or even disclose the development of the liver cell inclusion. The absence of staining with acridine orange and methyl green pyronin, as well as the negative results of immunofluorescent tests with antinuclear antisera, seems to exclude the presence of specific nucleoproteins and of nucleic acids in the inclusions.
In addition to the protein a phospholipid component was present, as the inclusion could be stained with methasol fast blue. The distribution of the lipid was predominantly peripheral, as Sudan black stain in frozen sections and with the silver impregnation coloured the margin of the inclusions leaving central areas unstained.
Neither polysaccharide nor a simple lipid component could be demonstrated in the inclusions.
There was no evidence that the inclusions were composed of lipofuscin as no salmon pink autofluorescence was seen.
Electron microscopy of sectioned liver cells revealed the inclusions as characteristically doughnut-shaped structures of high density, with peripheral fenestrations evidently continuous wit~a low density central core (Fig. 3) . The general form and electron opacity of the peripheral component is quite similar to that of anhydrous phospholipid (Mercer, 1962) . 
Discussion
The nature of the lipoprotein inclusions is uncertain. It is unlikely that the inclusions represent an infective agent-the size of the inclusions was inconstant, nucleoproteins are evidently absent, and the inclusions were not observed to be transferred by passage. A treponemal origin for the inclusions is discounted as they were present in the uninoculated controls. The occurrence of liver cell inclusions seems to be a natural phenomenon, although their appearance is hastened by live but not killed treponema. Similarly, the absence of DNA or RNA staining, and of inflammatory cell infiltrations, excludes such acute viral infections as mouse hepatitis or cytomegalic inclusion disease. Basophilic inclusions have been found in hepatomas of C3H mice (Burns & Schewken,1940; Andervont & Dunn, 1952) , but they in no way resembled the liver inclusions in our mice. Councilman bodies differ from these inclusions by frequently replacing the nucleus of the hepatocyte and by staining with haematoxylin-eosin and periodic acid Schiff (Kerr, 1971) . Campbell (1939) found cytoplasmic inclusions in vacuoles in the polar areas of the liver of 3 elderly mice which were not transmissible by passage.
However, the latter inclusions were acidophilic on haematoxylin-eosin staining and were associated with areas of liver necrosis, neither of which was demonstrable here. Lastly, it is just possible that a dietary factor might be responsible and that these inclusions might be Iiposomes.
